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%<hthe production of me.al J™, P r0CKKS nK «si- 



r^s7basicrc q uir rC n« 
utc a f-dstock solu uon a = of g ^ f 
transporting vapon £™£ an Qxidanl to a reaction 
called vaporous ^^yring oxidation and combos- 
site, and a means of cat . al >f'" g n " lv divide d. spherical 
tion coincidenully. prod^ng ^^0^ in 
aggregates, called soot. This sooi m J { chamber 
£^<*<Z£^^L*, or subse- 
to a rotating man ««. an transparent, 

quently heat «^™*^JZfi<x «* utin S thcSC 
high purity glass article. Th g Qf cquipmenl 

reactions is usually » ^ and burners, 

with a unique arrangement of £ d to the develop- 
Much of the initial r««rch 'hat I , pVe thora of such 
ment. and thus ^CSSS^i^" ^ 
processes focused on J^ P r ™ dstock was found to be 
Selection of the appropriate teeasioc* 

as the equipment » generate the needed 

a material was f ernpcra tures below 

iiCU) isolated it as a convenient^ r » ^ ^ & 
generation. Stocks. This factor 

ically « ndMirab i:f;° P S C oaium. and titanium are net- 
Silicon. S as vaporous reactants for 
a ls often used in hatide term as , v" However, 
forming high P^j^^S? among metal- 
SiCU has been the : «*£«ged Qver the years for the 
source vaporou s reactan a wefl ^ disclosed ^ 
i698 Con of several reactions may be 
^n^loye^o'pro^uoe high purity fused silica via owda- 

^^SSSPS^ » ~* of thes^ 
reactions. 



sis and hydrolys* £vete * While the first two reac s 
a very strong aadby-pr^uct w" ^ ^ 

tions occur theoret|caUy tempcr ature thus \ 

fuel is needed to «^ W» ^ tetrach loride and \ 
leading to M^^^W Such a by-pro- \ 
formation of ^^^^ to many deposition sub- , 
duct is not only a detnmen i ^ u a dcm . 

rosiveness of HCl. , K oxygcn as it occurs 

The first reaction. ^J^reactton temperatures 
naturally, requires elevated n u mg 

which, generally, are d.mculi d 
specialized equipment^ 6 hf oxygen that not 
ozone, an unstable also must be manu- 

bnly warrants ^^"Simmerdd availably 
factured on sue du «> _a lac^o ^ Qf Ae „ c 
Notwithstand.ng the handung . $ and pyro lysis 

bv .product necessitated by the ny . of SlCU , 

of SiCU. «he fc thu * method of pro- 

Though V drol ^ uc ° n f h Tg h purity fused silica over 
of industry for P^^il sensitivity to environ- 
the years, the enhanced jio ^ governme nt 

mcn tal protection has led to pr0 mpting a 

regulation of point sourc ! e . fcedsl0 cks. 

search for less environmenuHy P ion6i . H a, the 
In new point source emission reg j ^ y paf . 
S^iiPf ^W»fjS«d from exhaust 
ticulate pollutants, has to be h ere. The 

gases prior to their release into™ regu , a t,ons 
economic consequenc ofn^e.J^ ^ by 
have made commercial proa f mewl oxld es 

downstream remova 1 ofHC a w indus;ry 

fromhahde-based f^££ y f uS ed quartz or silica 
As an ^ Uema " VC : e h d ,g b y thermal decomposition and 
may also be : Placed by * ^ ta kmg 
oxidation of » l * ne ^2due to the violent reaction 
safety measures in handhngo ^ f 

caused when air is wit h carbon dioxide. 

. sihne. Silane is common yjreWK aWgh purU y 

nUr0 us oxide, oxygen or ^ C u f c ng P am0 ng other things 



rity applications. 



T cduccd equipment lo^«/ n -, v 
Corrosive nature of HC£ invcn tion are easily 

C The teachings of *c^sun t ^ 
adapted to known m«*od$o p ^ such « 

fused silica by^ ^me Pyj 01 ^ « * Nordberg CILS- 
those disclosed « ^ Hyde (U.S. Pat No. 

| Put. No. 2,239 5 ) » ^ ticipated that this process 
! 2.272.3«) m 1942. It « . an v ^ dcpOSlUon/ 

alteration ^ ^"1*2 wc" Therefore, it is an object 
collection techmques^ ved mcthod of 

of this invention to b Quiring alternative 

ma king high Punty to£ 8 ^ J catly reduc ing. if not 
silicon-source = ^pounds thJS e ft &batemcnt 

eliminating, the neeo iu 

equipment, h rimary application of 

is desired; . ..„, 0 nhis invention to provide 
„ is., further objec : <*? high ..purity meul o*.d= 

; gt««* t o"8^^ Kducing lhe „«d for ex. 

p^SiT^*^ __. 

,.i„ing compounds ; » oxi di.ed by Oam. 

'feedstock compon». ^ ' v Vfound polym^l- 
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,., TM c\ has also been 
Methyltrimethoxysilane (MTM . fuscd 

shown to be operable >s f e ^ CJtpensl ve and is more 

polyrnethylsiloxanes^ 

In summary, the hal.de- ree, s invenUon are 

pounds found to be operable ^ the ws j,itMS and 

Seeled from the group coning q 

polymethylsiloxanes vvith the . W ^ famlly f 

vSo* metals in order » «^ lf ^so 2 articles pre- 
physical properties thereof, the invention can 

pared in ^ 0 ^ anC h i F r sample .rosed S1O1 
articles have been d ^ 0 % tU ixing halide^ontaming 
BjOi. Ge0 2 . P2O5. and T W * n i u m. phospho- 
compounds of J W dopants can be 

,~„c and titanium, respectively _ . t wou ld, of 
Siedt the present ^^Kteions: Conse- 
course. provide . source oM«* ^ haUd 
quently. to d» mmal «jSShe dopant metals vall be 
Srganometallic compounds ; ot tn ^ ^ 
Ihfployea: For «»™P k '^^ P bf titanium and methyl- 
epoxide can be ^.^^'cc of boron. Further 
borne can furnish the dop^t . d nts are found 

^plesof ^WSfi&S?* ^^fS& 
in U.S. Pat. No. 4 50 l.ttu v an d . glass/ceram c 
bribes the V^X^ JtoAon process^ercin 
a vapor P^^f^d from Groups 
^iketbnate complexes of petals sc 1VB. and the rare 

earth series of the Penod« 1 ^ such as a 

vapor is transported to an o ^ adjaccnt t0 . 

buVner. or a hot P lasm **°£ n l deposition tube, and 
deposition substrate or withm a ^ rticulatc mewl 
oxidized in the vapor phase l °'°™ P als0 available of 

metals in Group VA of *"^ y ,iheuseof0-dito- 
vanadium and untdun^cord"^^- for a 

tonate complexes pr ovides * J» ouf m ven- 

Pj0i and/or « ta» « mB . , VA . 1V B. VA. 



PRIOR ART 



production of high punt meui cncompa ssed 

fused silica, from J h ^S^U6requipment.S«eh 

in or feeding into a s P c ^ al ' z ;° * of burner arrange- 

equipment has featu * , all baS ed on the 

Senu and flame hydrolysis or 

oxidation of a meta bahde inro g ^ N 

pyrolysis. I^^^^uanc dichlorosilane. and 
4.491,604 wherein tncl ^J^^j t0 form soot, 
silicon tetrachloride are ^flame ny y mA 
and U.S. Pat No S.WHy her , 
such as silicon chloroform «e nam ^ 
similar processes, V;f ' r f V alidcs: volatilized »«"»' 
2.269,059 teach of oxidauon of hal.a ^ 

ganic l^^^^eO* Fed,. ZnOfc or 
Cr0 2 Ch. SiCU, AlCb. ZrCU r 2 ^ ^ d 
SnCU oxidized with as XlCljand ZrCUare 

employed m O^^ None o c siVlcon<0 n- 
references comc.des vvith m _ however . 

taining compounds of the ^ ^ fof par . 

U.S. Pat. No^ 3.41 6.890d ^ J qM by thc de- 
ing finely-divided ^ °^rne a dc in a name 

composition of a ^ n 0 Wing gas and an 

produced by the combus * n 0 mdc> carbon selen.de 
auxiliary fuel. ^ h f " OJ^. consisting of a hydro- 

b^^^^ eroploycd in 

instant invention^ ft melhc ^ Q f making 

U.S. Pat. No. 2.239.W i a Qf glass f 0 rrn- 

, glass by 

ing compounds n ^ am ^° ation of anhydrous oxides of 
ture being used in the form dccomp osable corn- 

silicon, alummum. and boron f silicate, sihco- 

nounds such as etnyi Ul cUicon tetrachloride, 
Koform-silicon 

methyl borate, boron hydndc. eo ^ m 

minum chloride. T^ tt ^£SiUining compounds 
any of the halide-free. S iuc o inVcn tion. 
o^tobe.thc^^^^^rorn^ 
U-S. Pat. No. 2,326,05V ocuw vap0 nzing tet- 

silica-rich. ^}<^!^^^or an oky- 
rachlorides of Si ^™££ lt £t mixture to make a 
gas burner, depositing the r^. Q ^ ^ „ 

preform, vitrifying th « P/^reform at a higher tern- 
£pal glass, and * c 
pjrature to cause it to ^ doc$ not employ 



glass articles ^^SS^h « * Ucon cW °- 

hydtoly^lc^^^TSic.te. ethyl silicate. 

ride siUcochloroforrr ^. methyl ^ f using a walcr bath. 

silicon fluoride. s h^drolyzed by water 

The silicon compound vapor i y 
iapor in the flame of ^^uenrty sintered until 
p£s oxide b.J^S^SSd referencedoesno, 
S transparent glass tesultt. 1 n taining com- 

mC ntion any of ^^J^mi invention, 
pounds forming the bas ^ o ^ w above as 

IJ.S. Pat. No. O 01 ;?™ !j oart iculate metal oxide 

allowed to impinge on a , car invention the 

silica is deposited. UnliKe uk f he hallde . 

suing Wgh '"""i^rxtur" which includes a 

ing a heat «'»"\ s ™"rious h"« resistant matemls 
ZM * * »» ttm ' ^JSoxane compound 
by reacting an "S^^fSafc polyhydric alcohols. 
£as, one of *e Ph a "d Somatic carbo«yh= 

the instant invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

f TlG. 3 comprises V«*f™*3SEbS5h- 

Uining source materials. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 
In the most preferred embodiment of ^lg«t to- 
vention ocUmethylcyclotetrasiloxane (OMCTb), P 
resented by the chemical formula 

ti0 ^ S " J -IV, nroduced by oxidation of OMCTS re- 

vapor deposition process u» three . s tep process. 

In lhc is maintained at 

bubbled through a S»CU tce«ioc siCU IS 

a specified low temperature^ ™ «po w 

EXAMPLE 1 

^ aforementioned [^^m^X ' 
wherein SiCU was reptaced *uh » of high 

! in a commercial ^"^3?^ trogen . was used as 
purU y fused ^"^^ nitron 2 was 
the earner gas and a bypass vaporous 
.mroduced to F^J^ passed through a 
sueam. The v^««^ 'SEtton site wherein a 



directing Wgh rXc»ry"»™»« crown 5 where 
a< the feedstock ha v = « " 8°? deposition edi- 

feedstock req^g 5 ? &nd dcU vcring it to the 

"Tm^S.OMCPS.HMOS. 
Four silica ~ m Pf»^„ g OaUid=V.potDepos.- 
and HMCTS. were S?, s w tested a seco™ 1 

EXAMPLE 3 

^Med after a commercial 
A bench-scale ^OMCTS. and TEOS 

furnace was construe ted. .MTM ^ commcr . 

SS£2S^5»r*, MTMS and 
P v '.£,s are entrained .n a earner gas^ horoogc »eou 
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to their respective ^^ST^STLl finely-divided, 
to form a stream of^olatile.g^es. soot 
amorphous. spheric^^ca^^ ^ x . al 

is collected on a ^"Vin^o^i* in thin layCfS - 

three-step process. In the fig sta * ^ carrier 
fabrication, as depicted m FIG. 2£JK ^ ^ 
gas. is bubbled through a ^ ^ rcS uUing 

? s maintained at a ^^iTL^ ** 
vaporous ^ l whSdn the vaporous gas 

as a burner. ^^^^ name. The presence 
streams are combusted l in a reactants to 

of oxygen serves to ** the burner orifice to 
their respective ^^^Lly^ivided. amor- 
form a stream o volauU gas«a dcposi 
phous. spherical particles ow ^ Qrm of 

^^^^^^ 
In the second stage. 'X^eTtreated in a helium/- 

preform. 

. EXAMPLE 4 
• ; n FIG 2 6iC^was/replaced ! with an 

As indicated yj^+£kxvte& OVD process used 
v OMCTS feedstoc^k.7inthest^<larQ v 

in making optical ^S c f & 11 S methane/oxy- 
gen mixture 12 was ^P***^ W1S induced at the 

whereby S^^^io?^^^ on, i< ^ 
burner 8. The resuUing l0 0 f silica soot 

rod 9. thusfomnng ^^m. was^heat ^ eated 

SU ^ C observed -epo^^$c^ 



h a ^d soot Initial deposition etliciencies were increased 
bv aJom 20% FIG 4 shows this difference as . func 
¥ „ ^ total amount of SiOj produced at the burner 
uon of the tola lamoan ion tQ ^ 

f0r r 8 em ss'orOMCTS reduces the quantity of 
B p£££2£££ with accompanying increased 

'^IthlugVthe cost of OMCTS by weight is higher 
u ,v°? of SiCh when the amount of Si0 2 deposited 
r ha " I^h If the two sources is compared, the cost per 
lra C m C oun 0 t f of C S^ deposited is approximately the 

T-o T o°ticarwaveguide production, deposition eff, 

corned, comprising .he basis of.*, mum -en- 
tion. 

EXAMPLE 5 
*C\s was replaced with silane in the production of 

cept ^ssiblv for extremely high purity apphcat.on, 
EXAMPLE 6 
SiCU was replaced in the production of of^J™' 

be cleariy _unu limitation on the scope 

principles m.y be o<herwise en, 
£ S, .he scope of .he follows chums. 



